Case Report
In November 2005, a 68-year-old woman was admitted to another hospital for shortness of breath and pretibial edema. Diagnosed with left ventricular (LV) hypertrophy and diastolic dysfunction, she was given supplementary oxygen and oral diuretics. Two weeks later, she suddenly developed ventricular fibrillation, which was reversed by external electrical defibrillation. Because an IgG-type monoclonality on serum immuno-electrophoresis, urinary Bence-Jones protein ( type), and osteolytic lesions of the ribs were detected, bone marrow biopsy was performed. Plasma cells (CD20-negative, CD138-positive, Ig G typepositive) were detected in 18.2% of the total nuclear cell counts. In December 2005, she developed non-sustained ventricular tachycardia with syncope and because cardiac amyloidosis was suspected, she was referred to us for further treatment in January 2006. On admission, her cardiothoracic ratio was 65%, and HF status was grade III of the New York Heart Association (NYHA) functional classification, and profile B of Nohria's classification. 6 Two-dimensional Doppler and tissue Doppler echocardiography showed restrictive patterns of LV function [3. 22 in E/A (the ratio of transmitral early diastolic filling wave and the filling wave related to atrial contraction), 7 150 ms in deceleration time, 8 19.2 in E/E' (ratio of transmitral early diastolic filling wave and mitral annular early velocity); 8 Table 1 ]. Quantitative ECG-gated single photon emission computed tomography (QGS) 9 on 99m Tc myocardial perfusion imaging at rest showed an unusually gentle slope of the early diastolic filling on the LV time -volume curve (Fig 1) . The results of both imaging modalities indicated the presence of severe diastolic dysfunction. Cardiac catheterization data re- vealed no coronary obstructive lesions and preservation of systolic function, but there was severe diastolic cardiac dysfunction (LV peak systolic pressure/end-diastolic pressure 87/17 mmHg, heart rate 61 beats/min, cardiac index 1.53 L·min -1 ·m -2 , pulmonary arterial peak systolic pressure/diastolic pressures 33/13 mmHg, and mean right atrial pressure 6 mmHg) and LV endomyocardial biopsy specimens showed extracellular deposition of AL-type amyloid fibrils in which Congo red-staining was broken down by KMnO4 oxidation.
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globulin 2.49 g/ml). She developed ventricular fibrillation again, which required cardiopulmonary resuscitation, and an ICD [11] [12] [13] (Maximo DR™, Medtronic, Minneapolis, MN, USA) ( Table 1) . HF symptoms were attenuated by treatment with oral diuretics and intravenous recombinant human atrial natriuretic peptide (carperitide), 14 although the severe mechanical diastolic failure documented by 2-dimensional Doppler echocardiography persisted (Fig 1) . In the same month, she developed ventricular fibrillation, which was promptly defibrillated by the ICD. After pretreatment with dexamethasone 40 mg once daily for 4 days, peripheral blood stem cells were collected by leuko-apheresis after mobilization using granulocyte colony stimulating factor. After high-dose dexamethasone (40 mg/day) treatment for 4 days again and melphalan 100 mg/day for 2 days, autologous PBSCT was performed in early April (Table 1 ). In May, her HF status had improved to NYHA functional class IIm, and she was discharged. In June 2006, the absence of detectable monoclonal protein was confirmed in serum immunofixation electrophoresis. There was no recurrence of life-threatening arrhythmias or defibrillation events by the ICD after autologous PBSCT. In October 2006 (approximately 7 months after PBSCT) on regular admission to the outpatient clinic, her HF status was improving to class IIs of the NYHA and profile A of Nohria. By Doppler and tissue Doppler echocardiography, the marked increases in E/A and E/E' had normalized, and the pattern of the LV timevolume curve on QGS showed rapid filling, all of which indicated improvement of the severe LV diastolic dysfunction (Fig 1) . Ten months after PBSCT, the laboratory data remained stable, there were no findings of inappropriate shocks by the ICD, and the E/A and E/E' had further decreased, confirming continued improvement of diastolic function.
Discussion
The present case suggests that autologous PBSCT is a useful therapy for cardiac involvement of amyloidosis, even if the patient has life-threatening arrhythmias. In addition to remission of multiple myeloma, such problematical arrhythmias and diastolic HF could be ameliorated by autologous PBSCT. Although we need to follow the clinical course of the present patient long-term, the data documented here suggest that cardiac amyloidosis associated with multiple myeloma may not be necessarily therapeutically barren.
Twenty-eight weeks after PBSCT, some may note the slightly increased LV end-diastolic volume index on QGS, despite improvement of LV diastolic dysfunction and a reduction of the cardiothoracic ratio. It is possible to speculate that improvement of LV diastolic compliance served to bring in more blood in the end-diastolic phase because the LV ejection fraction was rather increased. A reduction in the cardiothoracic ratio at that time may reflect a reduction of volume load on the right heart, as assumed from the diminished estimated pulmonary arterial pressure (0 on the trans-tricuspid valve pressure gradient).
Our results showed that diastolic dysfunction can improve without regression of LV wall thickness, although this may occur in the future. The mechanism for this favorable response to treatment remains unclear. It has been reported that amyloid light chains increase intracellular free radicals, alter calcium handling, and cause impairment of relaxation as well as contractility in isolated cardiomyocytes. 15 Although we could not perform repeated histological examinations after PBSCT, the production of amyloid light chains may decrease in conjunction with the complete hematologic response and this may cause the improvement of cardiac function. Nakamura et al 2 reported a case of cardiac amyloidosis, because of multiple myeloma, which was successfully treated with chemotherapy, after which the pseudonormalized E/A decreased, the thick LV wall regressed, and the LV ejection fraction increased over 3 years. That was the first report to clearly document reversal of diastolic dysfunction by chemotherapy in a long-term observation of cardiac amyloidosis.
Itoh et al 16 reported a case of cardiac amyloidosis with ventricular fibrillation attacks in which an ICD was implanted. 16 During the 2-month observation period until death from systemic amyloidosis, 5 episodes of ventricular fibrillation were successfully treated by the ICD. Reports by Itoh et al 16 and others 13 suggest not only that ICD therapy may be applicable for preventing arrhythmic death caused by cardiac amyloidosis, but also that rapid progression of systemic amyloidosis, irrespective of arrhythmic events, is another determinant of the patient's prognosis.
Thus, preserved LV systolic function, compensated congestive HF and the absence of life-threatening arrhythmia may enable chemotherapy/PBSCT to be performed in their patient and some studies 2,5 because of the prevention from cardiac death during therapy.
The present case had recurrent life-threatening ventricular arrhythmias, in addition to marked diastolic HF. Although the risk of sudden death from such arrhythmias was reduced by implantation of the ICD, the prognosis of this patient with cardiac amyloidosis was assumed to be still poor because of plausible progression of the diastolic HF. 17 Therefore, after consultation and discussion among the hematologists, cardiologists and the patient, we reached the decision to perform autologous PBSCT, making this, as far as we know, the first case of a patient in whom significant improvement of remarkable diastolic HF and the reduction of the risk of arrhythmic sudden death was documented after PBSCT, possibly owing to recent advances in anti-HF and anti-arrhythmic device therapies.
